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Determining the Structural Topology of KCNE1 in a Lipid Bilayer using
Electron Paramagentic Resonance (EPR) Spectroscopy
Andrew F. Craig, Indra D. Sahu, Rongfu Zhang, Megan M. Dunagan,
Andrew G. Meiberg, Corrine N. Harmon, Robert M. McCarrick,
Gary A. Lorigan.
Chemistry, Miami University, Oxford, OH, USA.
KCNE1 (also known as MinK) is a membrane-bound protein with a single trans-
membrane section consisting of 129 amino acids with a molecular weight of 15.7
kD. The main function of KCNE1 is to modulate the activity of the KCNQ1
voltage-gated potassium ion channel in the human heart. This potassium modu-
lation is critical for repolarization in the heart, specifically in the left ventricle.
Mutations in the KCNE1 gene can result in genetic disorders such as long QT
syndrome, sudden infant death syndrome (SIDS), as well as deafness. However,
most current KCNE1 studies are from a functional standpoint, which leaves the
structural and dynamic information of the protein unknown. EPR spectroscopy is
a very powerful structural biology tool that can be used to determine the struc-
tural topology of membrane proteins with respect to its membrane environment.
In this study, we use the EPR power saturation and EPR membrane alignment
techniques coupled with site-directed spin-labeling (SDSL) to study the struc-
tural topology of KCNE1 with respect to the lipid bilayer.
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Structure of a Three Helix Membrane Protein from Oriented Sample and
Magic Angle Spinning NMR Data
Dylan T. Murray1,2, Ivan Hung2, Timothy A. Cross1,2.
1Molecular Biophysics, The Florida State University, Tallahassee, FL, USA,
2The National High Magnetic Field Laboratory, Tallahassee, FL, USA.
Of the many membrane protein structures deposited in the Protein Data Bank,
only a few are of small helical proteins. Unfortunately, the typical transmem-
brane helix content of membrane proteins in the genomes of pathogenic bacteria
is largely biased towards those with four or fewer helices. Many of these proteins
are known or potential drug targets. The common structural techniques of x-ray
crystallography and solution state NMR have had limited success in the determi-
nation of these structures [1]. Solid state NMR has emerged as a powerful tool
capable of characterizing membrane protein structure in lipid bilayers. Oriented
sample solid state NMR provides a set of peptide plane orientations. Magic
angle spinning solid state NMR provides a set of interhelical distance restraints.
Here, we show that together these restraints are capable of determining a back-
bone structure for the transmembrane domain of a three helix membrane protein.
Furthermore, the structure orientation in the lipid bilayer is uniquely determined
when using oriented sample restraints. We applied these methods to the Rv1861
protein from Mycobacterium tuberculosis, the causative agent of tuberculosis
which is responsible for over one million deaths annually. Altogether, these ex-
periments show that high resolution structures can be routinely determined for
three to four helix membrane proteins and will help fill the void in the Protein
Data Bank for these important drug targets.
[1] Cross, T.A., Murray, D.T. and Watts, A. Eur. Biophys. J. In Press (2013)
DOI 10.1007/s00249-013-0925-x.
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Structural Studies of Heteromeric Connexin26/30 Hemichannels via
Atomic Force Microscopy Imaging
Pamela A. Naulin1, Y. Liu2, A.L. Harris2, Jorge E. Contreras2,
Nelson P. Barrera1.
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2Pharmacology & Physiology, Rutgers University., New Jersey, NJ, USA.
Connexins (Cx) form hexameric hemichannels that mediate release of small
molecules, including ATP and glutamate, to mediate paracrine communication
and signaling. There are ~20 vertebrate connexins, and most cells seems to ex-
press more than one isoform. Biochemical and functional data demonstrate that
hemichannels can be heteromeric - composed of more than one connexin iso-
form and that the gating and permeability properties are modulated by the het-
eromericity. However, the subunit stoichiometry and arrangement within
heteromeric hemichannels is essentially unexplored. Heteromeric Cx26/30
channels were immunopurified from HeLa cells expressing a haemagglutinin
tagged Cx26 (Cx26-HA) and Cx30. Presence of the heteromeric Cx26/30 hemi-
channels was confirmed by mass spectrometry analysis. Purified samples were
imaged by air tapping mode atomic force microscopy (AFM). Molecular vol-
umes of the Cx26/30 hemichannel complexes showed a particle population
centered at 337510 nm3, which is within the volume range expected for het-
eromeric Cx hexamers based on their molecular weights. Ongoing studies will
visualize Cx26/30 hemichannels decorated with isoform-specific anti-haemag-
glutinin antibodies by AFM to determine both the number of each subunit in the
complex and its subunit arrangement. Funded by Millennium Science Initiative
P10-035F/Fondecyt 1120169/Anillo ACT 1108 grants.1351-Pos Board B81
Comparative Analysis of Full-Length Cytochromes P450 in Complexes
with Cytochrome B5 in Membrane
Irina Pogozheva1, Rui Huang2, Ayyalusamy Ramamoorthy2,
Andrei L. Lomize1.
1College of Pharmacy, University of Michigan, Ann Arbor, MI, USA,
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Molecular models of complexes of full-length cytochrome P450s with cyto-
chrome B5 (CYB5) were developed based on experimental structures of
CYB5 (2m33) and several P450s in closed (2q6n, 1tqn, 3e4e, 3eqm, 3ruk) and
open (2bdm) conformations and structural constraints derived frommutagenesis,
mass-spectrometry, and NMR studies. Models of transmembrane parts of the
complexes formed by two antiparallel a-helices were generated using original
energy functions for quantification of helix interactions in membranes. Our
PPM method was used to assess the spatial orientations of complexes in mem-
brane. We found that CYB5 (helices 41-43, 48-54, and 60-66) binds to the prox-
imal groove of P450s formed by helices B, C, J’, K, L, the C-D loop, and the
K’’-L meander region. In all models, acidic residues E61 and D65 of CYB5
form ionic pairs with basic residues of P450 (from helices B, C, and the K’’-L
meander), whereas propionate groups of the heme interact with conserved argi-
nine from helix C (R133 in CYPB4). However, CYB5 orientations vary in com-
plexes with different P450s and depend on the conformational state of P450s. In
particular, CYB5 interacts similarly with closed forms of CYP2E1, CYP17A1,
and CYP2C19: E58 of CYB5 forms a contact with helix B of P450 and E42/
E48 of CYB5 interact with helices J’, K, and L of P450. A partly different bind-
ing mode was identified for complexes of CYP3A4 and CYP2B4, where E42/
E48 of CYB5 contact with the K’’-L meander and T70/D71 of CYB5 interact
with the C-D loop. Comparison of complexes with CYP2B4 in closed and
open conformations shows that open conformation has larger protein-protein
contact surface, shorter heme-to-heme distance, deeper penetration of the com-
plex into membrane, and provides additional interprotein hydrophobic interac-
tions (V50-I435 and V66-L437) which stabilize the complex.
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Theoretical Investigation of TrHbN Association to Biological Membranes
Rheault Jean-Franc¸ois1, Auger Miche`le2, Guertin Michel1, Lague Patrick1.
1Department of biochemistry, microbiology and bioinformatics, Laval
University, Quebec, QC, Canada, 2Department of chemistry, Laval
University, Quebec, QC, Canada.
TrHbN is a group I truncated hemoglobin from Mycobacterium tuberculosis
(Mtb). TrHbN protects Mtb aerobic respiration from NO inhibition and is
thought to play pivotal roles in the persistence of mycobacterial infection. Its
3D structure is characterized by the presence of hydrophobic tunnels. Previous
MD simulations revealed that three of theses tunnels are used by NO to reach
the active site. Despite the fact that trHbN is soluble and highly active in
aqueous solvent, there is compelling evidence suggesting that trHbN is associ-
ated with biological membranes. We have investigated the association of trHbN
with membranes differing in lipid compositions (DOPC, CL and CL:DOPE) us-
ing all-atom MD simulations.
We found that trHbN penetrates the peripheral regions of the lipid bilayer for
all the lipid compositions. Two portions of trHbN make a dominant contribu-
tion to the membrane binding: the N-terminal pre-A helix, and the G and H he-
lices from the core of the protein. The pre-A helix has four charged residues that
interact with the lipid phosphates, and several hydrophobic residues that insert
under the lipid headgroups. The G and H helices have several hydrophobic res-
idues in contact with the aliphatic chains. These residues were identified to
form a large hydrophobic funnel-shape entrance of the Short tunnel (ST), pre-
viously shown to be preferentially used by NO to reach the distal heme pocket.
As a consequence, the ST has its entrance pointing towards the lipid bilayer,
while the Long tunnel (LT) entrance is pointing towards the aqueous solvent.
The orientation of trHbN differs slightly in presence of cardiolipins due to addi-
tional lipid phosphate-protein core interactions. These results suggest that the
substrates reach the active site from the membrane interior using the ST and
the products escape to the solvent using the LT.
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Structure, Dynamics, and Receptor Binding of Opa Proteins
Ryan H. Lo, Daniel A. Fox, Linda Columbus.
Chemistry, University of Virginia, Charlottesville, VA, USA.
Opacity associated (Opa) outer membrane proteins are eight-stranded b-barrels
from the bacteria Neisseriae that induce engulfment of the bacterium in
non-phagocytic host cells by binding to host receptors. To determine high-
resolution structures of Opa proteins and Opa-receptor complexes, the selection
of the membrane mimic is important in capturing the complex. Mimic selection
is largely empirical, and only a select few detergents and nanodiscs have led to
Monday, February 17, 2014 267athe six published solution NMR b-barrel membrane protein structures. NMR
spectra of membrane proteins are extremely variable in quality in different deter-
gents and often do not lead to structure determination. Using two eight stranded
b-barrel model systems, Opa50 and Opa60 from Neisseria gonorrhoeae, solution
conditions that influence the NMR spectra were systematically investigated in or-
der to gain an understanding of the interactions between the bilayer mimic and
membrane protein that stabilize a fold for structural and functional investiga-
tions. Ionic strength had a significant impact on the quality of NMR spectra
for Opa50 and relaxation data indicate that observed spectral line broadening is
due to interactions between the extracellular loops within a monomeric
protein-detergent complex. To determine if this effect was due solely to detergent
interactions, phospholipid nanodiscs were used to examine Opa50 and Opa60
structure and receptor binding. We have found that the reconstituted Opa-
nanodiscs retain a fold similar to that in dodecylphosphocholine detergent, which
provides a more suitable environment for investigating Opa proteins with the
cognate soluble receptor in ITC and fluorescence polarization assays.
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Structure and Function of the Beta-Barrel AssemblyMachine and its Asso-
ciated Chaperones
Marcelo Sousa.
Chemistry and Biochemistry, University of Colorado at Boulder, Boulder,
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Membrane insertion of bεta-barrel OuterMembrane Proteins (OMPs) is essential
forGram-Negative bacteria and requires the actionof both periplasmic chaperones
and the outer membrane complex known as beta-Barrel Assembly Machinery
(BAM). InterferingwithOMP transport and assemblymay be an effective strategy
for antibiotic development; much like b-lactams are effective by inhibiting cell
wall synthesis. Therefore, it is crucial to understand the mechanisms by which
periplasmic chaperones and the BAM complex work together to control OMP
transport and assembly. The BAM complex is composed of BamA, a b-barrel
OMP itself; and four associated lipoproteins: BamB, C, D and E. BamA and
BamD are essential for viability and appear to be present in all bacteria with an
outer membrane. Whereas the phylogenetic distribution of BamB, C and E is
not well defined, these lipoproteins are also important for OMP biogenesis and
their deletion in E. coli results in outermembrane permeability defects. In the cur-
rent model, periplasmic chaperones prevent OMP aggregation in the periplasm
and deliver their cargo to theBAMcomplex for insertion into the outermembrane.
However, the molecular mechanisms mediating this process are still obscure. I
present the crystal and NMR structures of BamB, BamD and BamC as well as
the periplasmic domain of BamA. In addition we have just solved the structure
of a complex between BamB and the periplasmic fragment of BamA, which be-
gins to illuminate the architecture of this essential molecularmachine. Using com-
plementary biochemical and genetic experiments we show that the periplasmic
domain of BamA is undergoes conformational transitions that are essential for
its role in OMP folding and insertion. I’ll present the implications of these struc-
ture/function studies for the mechanism of OMP folding and insertion.
1355-Pos Board B85
Mechanisms of Membrane-Protein Insertion at the Inner and Outer Mem-
branes
James C. Gumbart.
Physics, Georgia Tech, Atlanta, GA, USA.
For nearly allmembrane proteins, insertion into amembrane is not direct, but rather
is assisted by other proteins. At the inner membrane, the key element is a protein-
conducting channel, the SecY/Sec61 complex. This channel provides a lateral exit
into the bilayer while simultaneously offering a pathway into the periplasm. Now,
usingmolecular dynamics flexible fitting (MDFF), we have determined new struc-
tures of inactive and active SecY-ribosome complexes. The latter structure reveals
in detail how the nascent chain enters the channel, forming loops both above and
below it, with the signal anchor intercalated at the open lateral gate. Although bac-
terial outer-membrane (OM) proteins must first transit SecY into the periplasm,
they are inserted via the BamA complex that resides in the OM. Simulations of
recently solved crystal structures of BamA suggest that it also opens laterally to
the membrane, which has led to the development of a dynamical model for
BamA-assisted insertion that is similar inmany respect toSecY-mediated insertion.
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High Precision FRET Analysis of the G-Protein Coupled Receptor TGR5
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Annemarie Koch1, Manuel Frohnapfel1, Christoph Gertzen2,
Holger Gohlke2, Verena Keitel3, Claus A.M. Seidel1.
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University, Gastroenterology and Hepatology, Duesseldorf, Germany.TGR5, the G protein coupled bile acid receptor, is involved in bile homeostasis,
inflammatory responses and is linked to hepatobiliary diseases. Therefore tar-
geted therapy involving inhibition of TGR5 is of immense interest. However,
up to date no solved structure of TGR5 exists and oligomerization properties
are largely unknown. Our aim is to determine TGR5 structural changes and
oligomerization by three approaches including fluorophor coupled TGR5 plas-
mids, ACP tagged TGR5 and incorporation of unnatural amino acids for site
specific labeling with a Fo¨rster Resonance energy transfer (FRET) dye. For
analysis high precision FRET measured by multiparameter fluorescence imag-
ing spectroscopy (MFIS) was used.
MFIS is a multidimensional analysis taking several parameters measured by
FRET, fluorescence correlation spectroscopy (FCS) and anisotropy into ac-
count. Using this technique high precision FRET was measured in cells co-
transfected with TGR5-GFP and TGR5-mCherry or ACP tagged TGR5. This
suggested the presence of TGR5 oligomers preferentially bound to the cell
membrane.
To further analyze interacting TGR5 molecules in live cells we come up with a
copper-free click chemistry approach. Orthogonal chemistry will be used for
incorporation of unnatural amino acids in TGR5 Amber mutants generated
on the basis of homology models and labeled with tetrazine-dyes via copper
free click chemistry.
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Single-Molecule Study of Transmembrane Protein Transport
Krishna C. Mudumbi, Weidong Yang.
Biology Department, Temple University, Philadelphia, PA, USA.
The double-membrane nuclear envelope (NE), consisting of the outer and in-
ner nuclear membranes (ONM and INM), separates the cytoplasm and the
nucleus in eukaryotic cells. Transport of transmembrane (TM) proteins
from the ONM to the INM after synthesis in the endoplasmic reticulum plays
a critical role in the maintenance and organization of the nucleus as well as
in the regulation of gene expression. Dysfunction in this transport process
has been associated to many human diseases. However, the transport mech-
anism of TM proteins across the NE remains debated. To shed light on this
mechanism, here we utilize an innovative single-molecule approach to eluci-
date the transport kinetics and actual passageway for TM proteins in live
cells.
Intrinsically Disordered Proteins I
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Probing the Interaction Between a-Synuclein and Lipid Membranes by
NMR Spectroscopy
Giuliana Fusco, Christopher Martin Dobson.
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a-synuclein (a-syn) is the central protein in the etiology of Parkinson’s dis-
eases. The development of this disorder has indeed been associated with the
formation of insoluble a-syn amyloid fibrils. When isolated in solution,
a-syn behaves an intrinsically disordered protein, however, in vivo mono-
meric a-syn exists in equilibrium between free and membrane-bound states,
the latter featuring an increased level of alpha-helix structure. a-syn binding
to lipid membranes is a key process with functional relevance in synaptic
regulation. This interaction also impacts a-syn fibril formation, i.e. from
the inhibition to acceleration. Understanding the molecular basis of a-syn/
membrane interaction is therefore a top current challenge. We here adopt
advanced techniques of nuclear magnetic resonance to dissect the underlying
principles governing this binding and its regulation under physiological
conditions.
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Alpha-Synuclein (aSyn) is a small (140-aminoacid), soluble neuronal protein that
plays a critical role in Parkinson’s Disease (PD). Both its native function and its
contribution to the disease state are still incompletely understood at themolecular
level. aSyn is intrinsically disordered, displaying little or no secondary structure in
solution, although it forms an N-terminal (residues 9 to 93) amphipathic a-helix
upon binding to lipid bilayers. Moreover, aSyn can act as a membrane curvature-
sensing protein and can remodel lipid membranes to induce high curvature. Here
wedescribe our efforts to understandmembrane curvature sensing and generation
by aSyn. Using single molecule fluorescence and other techniques, we find that
